DNA fingerprinting and genetic diversity of four Bangladesh Rice Research Institute (BRRI) hybrid varieties and their parental lines were carried out. A total of 73 microsatellite markers were tested for screening the genotypes. Among the 73 amplified products, 37% had polymorphic bands showing 81 alleles. The number of alleles per locus ranged from two (RM10) to eight (RM327), where average allele number was 4.333. The Polymorphism Information Contents (PIC) lied between 0.337 (RM10) and 0.852 (RM327). RM327 was the most robust marker providing the highest PIC value (0.852). Pair-wise genetic dissimilarity coefficient interaction showed that BRRI hybrids two was the most genetically distant from each other whereas BRRI hybrids one, three, four and their respective parents were very close. Cluster analysis based on Dice's similarity coefficient UPGMA system grouped BRRI hybrid and their parental lines into four major clusters at 0.41 cut off similarity coefficient. Four BRRI hybrid varieties grouped into four distinct clusters along with their component lines indicating their genetic closeness.
Introduction
Rice is the staple food of Bangladesh, contributing more than 75% of the total dietary intake of its population. The annual rice production of the country was 10.0 million tons in 1970-71 which increased to 32.0 million tons in [2009] [2010] through the development and use of HYVs on semi-dwarf plant type. However, by the year 2020, the population will be around 180 million and the country will have to produce 36.0 million tons to sustain self sufficiency in food as well as food security. With the plateauing trend in the yield of HYVs over the last decade, and no scope for horizontal expansion of rice area, achieving the above rice production target is not going to be an easy task. Under *Corresponding author. <hoqueh2003@yahoo.com>. such a situation, resorting to development and adaption of yield enhancing technologies appear to be the only logical and practicable solution to the potential food problem. Among various technological options, the exploitation of hybrid vigor is recognized as readily available, practically adaptable, and a feasible option for meeting the increased demand for rice in Bangladesh. Usually hybrid rice gives 15 -20% higher yield as compared to the best semi-dwarf inbred cultivar (Yuan et al. 1994 ).
The identification of rice cultivars and lines and determination of their genetic relations are very important for plant improvement program, variety registration system, DUS (distinctness, uniformity and stability) testing and for the protection of plant variety and breedersʹ rights (Ichii et al. 2003 , Kwon et al. 2005 . Therefore, clear-cut identification of elite crop varieties and hybrids is essential for protection and prevention of unauthorized commercial use (Nandakumr et al. 2004) . Conventional characterization of hybrids based on specific morphological and agronomic data is time consuming, restricted to a few DNA characteristics and influenced by environmental condition. In contrast, DNA-based markers are highly heritable, available in high numbers, and exhibit enough polymorphism; hence they can be used to discriminate closely related genotypes of a plant (Kumar 1999 , Yashitola et al. 2002 , Wang et al. 2005 . For these reasons, DNA fingerprinting for cultivar or varietal identification has become an important tool in plant breeding and germplasm management (Wang et al. 2005) . Therefore, the present investigation was carried out with the objectives of assessing genetic diversity and DNA fingerprinting of four BRRI hybrid varieties and their corresponding parents using SSR markers across chromosomes 1-12.
Materials and Methods
Sixteen genotypes, including four cytoplasmic male-sterile (CMS) lines (A line), four restorer lines (R line), four maintainer lines (B line) and four of their hybrid combinations were (F1s) used for the present study (Table 1) . Seeds were collected from BRRI.
Fresh leaf samples of 21-day-old rice seedlings were used as the source of genomic DNA. DNA was isolated following CTAB method with minor modifications described by Zheng et al. (1995) . At first leaf tissue were cut into small pieces, homogenized and digested with extraction buffer (1M Tris, 0.5M EDTA, 5M NaCl and 20% SDS, pH 8.0). After incubation for 20 min at 65°C with intermittent swirling, the mixture was emulsified with chloroform: IAA mix (24: 1 mixture of chloroform and isoamyl alcohol). After centrifugation, the upper aqueous layer was removed into a different tube and cold ethanol was added.
After centrifugation a small pellet was visible. The pellets were then washed with 70% ethanol, dried by a concentrator and resuspended in an appropriate volume of TE buffer (1M Tris, 0.5M EDTA, pH 8.0). DNA quality was checked by agarose gel electrophoresis with lambda DNA (50 ng/μl) and quantification was done using a spectrophotometer (Nano drop 1000 V3.6, USA). PCR was carried out in 10 μl reactions volume containing 1 μl of MgCl2 free 10 × PCR buffer with (NH4)2SO4, 1.2 μl of 25 mM MgCl2, 0.2 μl of 10 mM dNTPs, 0.2 μl of 5 U/μl Taq DNA polymerase, 0.5 μl of 10 μM forward and reverse primers (Promega corporation, USA) and 3 μl (10 ng) of DNA using a 96 well thermal cycler. Amplification were carried out in a thermal cycler (G-strom, GSI, England) with the following program: 94°C for 5 min (initial denaturation) followed by 35 cycles of 94°C for 1 min (denaturation), 55°C for 1 min (annealing), 72°C for 2 min (extension) with a final extension for 7 min at 72°C. The annealing temperatures were adjusted based on the specific requirements of each primer combination. After amplification, PCR products were mixed with gel loading dye (bromophenol blue, xylene cyanol and sucrose), and electrophoresed using vertical polyacrylamide gels (8% denatured polyacrylamide gel containing 19 : 1 acrylamide: bhisacrylamide) for manual genotyping. Four μl of the amplification products were resolved by running the gel in 1 × TBE buffer for 1.5 to 2.5 hrs (depending on the allele size) at around 90 volts and 500 mA electricity (CBS scientific, USA). The gels were stained in 1 μg/ml ethidium bromide and documented using UVPRO (Uvipro Platinum, EU) gel documentation unit. A total of 27 SSR markers (distributed across the 12 chromosomes) with clear amplifications were selected for genetic diversity analysis of four BRRI hybrids and their component lines.
Size for each amplified allele was measured in base pair using Alpha-Ease FC 5.0 software (Alpha Innotech, USA). The summary statistics including the number of alleles per locus, major allele frequency, gene diversity, Polymorphism Information Content (PIC) values were determined using Power Marker version 3.25 (Liu and Muse 2005) . The allele frequency data from Power Marker was used to export in binary format (allele presence = 1 and allele absence = 0) for analysis with NTSYS-pc version 2.1 (Rohlf 2002) . The Excel file containing the binary data was imported into NT-Edit of NTSYS-pc. The similarity matrix was used to calculate similarity as DICE co-efficient using SIMQUAL sub routine in SIMILARITY routine. The resultant similarity matrix was employed to construct dendrograms using Sequential Agglomerative Hierarchical Nesting (SAHN) based Unweighted Pair Group Method with Arithmetic means (UPGMA).
Results and Discussion
Four BRRI hybrid rice varieties and their parental lines were assessed for genetic variability using DNA fingerprinting technology. In the present study, 73 microsatellite markers were used and among them 27 primers found polymorphic. A total of 81 alleles were detected at the loci of 27 microsatellite markers across the four BRRI hybrids and their parental lines. The highest amplicon size was produced by RM 566 (280 bp) and the lowest by RM1 (95 bp). The highest range of band sizes was found in RM566 (260 -280) followed by RM444 (170 -250) and RM122 (225 -240), respectively ( Table 2 ). The number of alleles per locus ranged from 2 (RM10) to 8 (RM327) with an average of 4.333 alleles across the 27 loci. The frequency of the most common allele at each locus ranged from 15.63% (RM327) to 68.75% (RM10 and RM519). On an average, 45.14% of the four BRRI hybrids and their component lines shared a common major allele at any given locus. Polymorphism Information Content (PIC) values ranged from 0.3374 to 0.8522 with an average of 0.6158. The highest PIC value (0.8522) was obtained for RM327 followed by RM264 (0.8308), RM222 (0.8308) and RM 566 (0.7055), respectively (Table 2) . Therefore, depending upon the PIC values it can be concluded that among the 73 marker tested, RM327, RM264, RM222 and RM566 marker were found to be suitable for distinguishing four BRRI hybrids and their parental lines (Table 2) . Figs 1 and 2 , respectively. Similar results were observed in previous fingerprinting and diversity studies, having 1-8 alleles with an average of 4.58 alleles for various classes of microsatellite (Siwach et al. 2004) and also 3 to 9 alleles, with an average of 4.53 alleles per locus for 30 microsatellite markers (Hossain et al. 2007 ). In another study, Rahman et al. (2009) found an average of 6.33 alleles per locus in rice using Bangladeshi high yielding varieties, local cultivars and wild races. We can compare our frequency for most common alleles found by Thomson et al. (2007) which ranged from 21 (RM154) to 73% (RM214). The PIC values of the present study are comparable to other two previous reports in rice viz. 0.20 -0.90 with an average of 0.56 (Jain et al. 2003) and 0.30 -0.84 with an average of 0.58 (Hossain et al. 2007) . Pair-wise genetic dissimilarity coefficient was measured among the test entries. The highest and lowest dissimilarity values were 0.8889 and 0.1844, respectively (Table 3 ) which was found in several pair interactions. Pair-wise genetic dissimilarity coefficient interaction showed that BRRI hybrid two was the most genetically distant from each other whereas BRRI hybrid one, three, four and their respective parents were very close (Table 3) . To get maximum heterosis, diverged genotypes should be exploited in any hybrid breeding program. But from the present study it reveals that BRRI hybrids did not show highest heterosis due to not using the distant parents. However, on the basis of analyzed data presented in the Table 3 , it can be concluded that hybrids having highest heterosis could be obtained if the divergent parents (BHR1A, BHR2A, BHR2B, BHR4A, BHR4B BHR4R) were used for crossing. Therefore, in future, attempts should be taken to make crosses between the most diverse parents to get hybrid varieties with highest heterosis. Cluster analysis was used to group the BRRI hybrid genotypes and their parents to construct a dendogram. UPGMA based dendogram obtained from the binary data deduced from the DNA profiles of the analyzed samples. A total of four distinct groups resulted out of analysis of pooled SSR marker data at a cut-off similarity coefficient 0.41 (Fig. 3) , UPGMA clustering system of the four hybrids and their parental lines revealed that, they have very strong parental linkage (Haque et al. 2002 and Kabir et al. 1994 ). This fingerprinting data will identify the genotypes very easily and the information generated from the study could be used in further molecular characterization with other hybrid genotypes. In this study, the larger range of similarity values for genotypes indicated by microsatellite markers provides greater confidence for the assessments of genetic diversity and relationships, which can be used in future hybrid breeding programs.
